A syntaxonomical analysis of the dry grasslands (Festuco-Brometea) in Bosnek karst region, Mt Vitosha (SW Bulgaria) has been carried out. These grasslands are part of the intrazonal vegetation distributed within the belts of xerophilous oak and mesophilous beech forest in the south-western foothills of the mountain. The bedrock is carbonate, the soils are dry and shallow, climate -moderate continental. This vegetation grows mostly on steep slopes, with southern and south-western exposition. Apart from the typical for Festuco-Brometea calcicoles, the studied vegetation is characterized by many endemic (regional and local) species and at the same time includes a lot of Mediterranean species. As a result of the analysis, a new association, Bromo moesiacae-Stipetum epilosae ass. nova, has been established that belongs to the alliance Saturejon montanae. A comparison with related syntaxa from other karst mountains from SW Bulgaria and E Serbia is made, and some conclusions about the origin of the steppe vegetation in that region are drawn. Keywords: calcareous grasslands, dry grasslands, phytosociology, syntaxonomy, Festuco-Brometea, Saturejon montanae.
INTrodUCTIoN
The Bosnek karst region (Mt Vitosha, SW Bulgaria) is the only site on the mountain built up from calcareous bedrock and covered, even though partially, by steppe vegetation. Surprisingly, up to now it has not been explored from a phytosociological point of view, although quite a few similar phytocoenoses have been described from other low-hilly mountains in the same region (SW Bulgaria): dragoman region (Velchev 1962) , Mt Golo bardo (Apostolova-Stoyanova et al. 2005) and Mt Lozenska (Pedaschenko et al. 2009 ) (see the discussion in chapter 3). The aim of the present study was to find out the syntaxonomical position of the dry grasslands, their relation to similar syntaxa described from SW Bulgaria and SE Serbia and, at the end, to give some reasonable explanation for their species composition and origin.
METHodS ANd MATErIALS
The principles and methods of the zürich-Montpellier School (Braun-Blanquet 1951 , Mueller-dombois & Ellenberg 1974 , Westhoff & van der Maarel 1980 were applied. We chose the plot size of 10×10 sq. m as most adequate to make a more or less typical description of dry grasslands (Westhoff & van der Maarel 1980) . As a result of the sampling 38 relevés were made, which makes up to approximately 80 % of the Bosnek karst region's territory covered with dry grasslands. At each sampling plot a complete list of the present species (vascular plants) was recorded, together with their cover-abundance value according to the 7-degree Braun-Blanquet scale -the one transformed by Barkman et al. (1964) . For facilitating the statistical computer programs, the same scale is used, but transformed into ordinal numbers (Westhoff & van der Maarel 1980) .
For digitalizing and storing of the data we used the computer software TurboVeg (Hennekens & Schamineé 2001) . The sorting of the relevés was made in JUICE software (Tichý 2002) . For the purpose of the numerical classification the TWINSPAN method is applied (TWo-way INdicator SPecies ANalysis) (Hill 1979) integrated in JUICE software. The results of the TWINSPAN analysis were compared with the cluster analysis made with the computer program SYN-TAX (Podani 2002), which was kindly provided by dr. Marius dimitrov (University of Forestry).
The diagnostic species of the published syntaxa were identified according to Horvat et al. (1974) and other referenced literature (see Chapter 3 -Syntaxonomical position). The syntaxa names and the names of their authors are given according to ICPN (Weber et al. 2000) . The names of the plant taxa are given according to delipavlov & Cheshmedzhiev (2003) . The floristic elements of the taxa are given according to Asyov et al. (2005) , except for the subspecies (those for which there is no data available in Asyov et al. 2005) , which are given according to Meusel et al. (1965) . The life form of the species is given according to raunkiaer (1934) .
The object of the present study -dry grasslands -covers approximately 20 % of the Bosnek karst region. The region lies within the southwestern foothills of Mt Vitosha, SW Bulgaria, and includes a branchy flattish mountainous area (approximately 23 sq. km). The altitude varies between 830 and 1500 metres a. s. l. (see Figure 1) . The bedrock consists of limestone and dolomite (zagorchev et al. 1994) . The karst rocks cover approximately 80 % of the entire territory. The type of climate is temperately continental (Velev 2002) , i.e. winters are cold and humid, and summers hot and dry, but the limestone bedrock and the shallow soils mitigate the local weather conditions in the winter and intensify them in the summer.
From a geobotanical point of view, the territory of the Bosnek karst region belongs to the Vitosha floristic region -part of the Illyric (Balkanic) province of the European deciduous forest region (Bondev 2002) . Its borders lie within the belts of xerophilous oak and hornbeam forests and that of mesophilous beech forests.
rESULTS & dISCUSSIoN
The analysis of the sampled phytosociological material manifests the existence of one single association which covers the entire territory of the Bosnek karst region. 38 relevés have been made, from which 3 were dropped out as a result of the cluster analysis made in SYN-TAX ( Figure 2 ). 
Characteristics of the studied phytocoenoses
In Bosnek karst region the studied vegetation is to be found on open, rocky places with poor soils (Figure 3 ). The structure of the phytocoenoses varies from an open to an almost closed one, as the total vegetation cover varies from 20 % to 95 % per plot. The mean cover is 75 %. The studied vegetation grows most frequently on slopes with southern exposition. The slope varies between 0° and 65°, mean -17°. The soils are mostly rendzinas -shallow, more or less eroded (Ninov 2002) . The base rock is to be seen at the surface in many places as large fragments in different sizes or as gravel. In some sites the bare rock covers more than 60 % of the sample plot (see Table 1 ).
Figure 3:
The studied vegetation is to be found on open, rocky places with poor soils. The bedrock is dolomite and carbonate. Slika 3: Proučevano vegetacijo najdemo na odprtih, kamnitih rastiščih na slabo razvitih tleh. Matična podlaga je dolomit in apnenec. bescens and by other xerothermic species such as Fraxinus ornus, Carpinus orientalis, Cornus sanguinea, etc. In the highest parts of the region they are surrounded by mesothermic forests with Fagus sylvatica (Figure 4) .
The studied phytocoenoses are rich in species. The mean number of species is 46 but their number varies from 34 to 62 per relevé (see Table 1 ). The main dominants are grasses (Poaceae) and sedges (Cyperaceae) but frequent are also the aromatic chamaephytes from Lamiaceae ( Figure 5 ). Typical for the phytocoenoses is the seasonality in flowering time, i.e. change in the color aspect of the community. In spring (March-April) Carex humilis (IV) and Potentilla cinerea (III) represent the yellow aspect and Hyacinthella leucophaea (II) and Muscari neglectum (II) represent the blue one. In the beginning of the summer (May-June) start to blossom most of the dominating species such as Stipa epilosa (V), Bromus moesiacus (V), Thymus striatus (V), Hypericum rumeliacum (V) (Figure 6 ).
The new syntaxon
As a result of the numerical classification and the comparison with similar associations from Bulgaria and Serbia, we designated a new association Bromo moesiacae-Stipetum epilosae ass. nova, hoc. loco, holotypus nom. rel. 17, with the following diagnostic species Stipa epilosa (V), Bromus moesiacus (IV), Tragopogon balcanicus (III), Pimpinella tragium subsp. lithophila (V), Asphodeline taurica (IV), Thymus striatus (V), Hypericum rumeliacum (V) (Table 1). We consider this association to be a part of the relict petrophyte steppes, which centre of floristic differentiation and endemic plant species origin lies in the foot-hills of low karst mountains in West Bulgaria and East Serbia. Such steppic phytocoenoses are distinguished by the presence of vicariant species, especially among the grasses, by the degree of Mediterranean and Ponto-continental phytogeographical influences (which decrease to the north and to the west respectively) and by the number of endemics. regarding the endemism, the newly established association is richer than those of Suva and rtnaj Mts (see Jovanović-dunjić 1955 Jovanović-dunjić , 1956 diklić 1962) .
From a syntaxonomical point of view, we distinguish two variants regarding the extent of grazing effect and ruderalization. Phytocoenoses of variant typicum are dominated by hemicryptophytes and occupy sites where there is no grazing, or else the grazing is very limited. For example, the territory of the fenced Vitoshko-Stoudena game breed- ing station or on rocky steep slopes which are difficult to be accessed and have a low percent of total vegetation cover (Figure 7 ). The phytocoenoses of variant Sideritis montana include many therophytes and are distributed in more open and disturbed sites -usually close to dirt roads (Figure 8 ). In the phytocoenoses of that variant, ruderals and weeds such as Sideritis montana (V), Alyssum alyssoides (IV), Filago lutescens (IV), Xeranthemum annuum (II) are widely spread. Dorycnium herbaceum and Melica ciliata are differential species for variant Sideritis montana and variant typicum respectively. also confirm the presence of Saturejon montanae in SW, SE and N Bulgaria (Tzonev 2002 , Apostolova-Stoyanova et al. 2005 , Sopotlieva 2009 , Pedaschenko et al. 2009 ).The diagnostic species of the alliance (Horvat et al. 1974 ) are adequate as characteristic ones and define its appearance, thus distinguishing it from Festucion valesiacae. In contrast to the latter alliance, in which phytocoenoses dominate perennial grasses on rich soils, phytocoenoses of Saturejon montanae are relatively open petrophyte steppes where grasses are co-dominants with tufted chamaephytes rich in aromatic oils, mainly from Lamiacaeae (Satureja spp., Thymus spp., Hyssopus spp., Teucrium spp.). These petrophyte steppes are to be found in the transitional zone between the continental and the mediterranean climate and their range coincides with that of the endemic for the Balkans species Satureja montana subsp. kitaibelii.
Comparison with similar syntaxa from SW Bulgaria and E Serbia
There are several publications dealing with steppe vegetation in the karst low-hilly mountains in SW Bulgaria and E Serbia. Velchev (1962) describes similar associations from the region of dragoman -Belediye Han, but using the dominant method for classification. Three provisional associations were described from Mt Golo bardo (West Bulgaria) by Apostolova-Stoyanova et al. (2005) Since the phytosociological relevance of Bromo moesiacae-Stipetum epilosae and of the published syntaxa from East Serbia is quite obvious, we assume that it is expedient to look at the syntaxonomical similarities and differences between each of the above-mentioned associations and Bromo moesiacae-Stipetum epilosae (Table 2) .
Myrsiniteto-Ischaemetum r. Jov. 1955 from Mt Suva has several essential similarities with Bromo moesiacae-Stipetum epilosae ass. nova, the main one being the high constancy of species such as Fumana procumbens (IV), Satureja montana (IV), Melica ciliata (V). on the other hand, most of the diagnostic species of that association are either not present or occur with low constancies in Bromo moesiacae-Stipetum epilosae. (Jovanović-dunjić 1955 (Jovanović-dunjić , 1956 (Jovanović-dunjić , diklić 1962 . Common species (with high constancy for both) are presented by species from the previously mentioned main core as well as others such as Veronica austriaca, Galium album, etc. However, the differences are greater because both Serbian associations miss the gramineous species that dominate in Bromo moesiacae-Stipetum epilosae, in particular genus Stipa. Gramineous species from the Serbian associations with relatively high constancy are Festuca pančičiana (IV, IV) and Sesleria rigida (II, III); both absent from Bromo moesiacae-Stipetum epilosae. on top of that, on Mt Suva, which is a relatively high mountain (up to 1810 a.s.l.), there are some subalpine species such as Veratrum lobelianum, Arctostaphyllos uva-ursi, Juniperus nana; that is to show that its grassland communities are quite mesophytic. Completely absent are many Mediterranean species, in particular some hemicryptophytes and therophytes such as The most similar Serbian association is Humileto-Stipetum pulcherrimae (synonym of HumiletoStipetum grafianae r. Jov. 1955) from Mt Suva, but the above-mentioned group of endemics and Pontic-east-sub-Mediterranean species are absent from that association too -a proof of the strong effect that the continental climate has on its floristic composition. Humileto-Stipetum pulcherrimae, having Stipa pulcherrima as a dominant (Stipa pulcherrima belong to the same aggregate as Stipa epilosa, i.e. Stipa pennata,), can be regarded as a vicariant of Bromo moesiacae-Stipetum epilosae.
Undoubtedly, the greatest similarity is with Hyperico rochelii-Stipetum epilosae from Mt Lozenska (Pedashenko et al. 2009 ). Beside the abovementioned main core of common species there many of others that have high constancies both in Hyperico rochelii-Stipetum epilosae and in Bromo moesiacae-Stipetum epilosae. Moreover, two of the diagnostic species for Bromo moesiacae-Stipetum epilosae are present with high constancy in Hyperico rochelii-Stipetum epilosae. However, the above-mentioned group of endemics and Pontoeast-sub-Mediterranean species is missing from Hyperico rochelii-Stipetum epilosae, and only one of its six diagnostic species is to be found in Bromo moesiacae-Stipetum epilosae.
From the stated facts we can infer that Bromo moesiacae-Stipetum epilosae although in some terms very similar to some Serbian and Bulgarian associations-in particular Stipetum pulcherrimae and Hyperico rochelii-Stipetum epilosae-should be considered as an independent one. The main reason for its autonomy is the specific complex of endemic and Ponto-Mediterranean species such as Bromus moesiacus (IV), Tragopogon balcanicus
Hypotheses about the origin of the studied vegetation
The analysis of the biological spectrum ( Figure 9 ) gives an apportionment of life forms that is characteristic for grasslands with steppe origin (Steffanov 1943) , while the apportionment of the geoelements shows a strong Mediterranean influence ( Figure 10 ). The specificity of the studied phytocoenoses is underlined by the high percent of Balkan endemic species such as Tragopogon balcanicus (III), Achillea clypeolata (II), Minuartia bosniaca (I), Genista subcapitata (I), Anthyllis aurea (I); and two regional Bulgarian endemics -Bromus moesiacus (IV), Verbascum urumovii (I). Most of these endemics, as well as others which are not present in the Bosnek karst region (e.g. Edrajanthus serbicum, Astragalus wilmottianus, Jurinea tzarferdinandii, Tulipa urumovii, Erysimum comatum, Malcomia serbica, Verbascum eriophorum), are distributed also in other low calcareous mountains in W Bulgaria and E Serbia, respectively Golo Bardo, Chepan, ruy, Konyavska, Lyubash in Bulgaria; and Suva and rtanj in Serbia. According to Steffanov (1943) , this group of endemic species originates from the Serbo-Illyrian endemic centre of species origin and serves as a proof for the relict origin of some grasslands in that region (W Bulgaria and E Serbia).
The floristic composition of grasslands on karst terrains in W Bulgaria includes also numer- Slika 10: Geoelementi (Okrajšava: Balc endemic = Balc + Bul; Balc subendemic = Alp-Carp-Bal + Ap-Bal + Bal-Anat + Balc-Dac; Boreal = Boreal + subBoreal, Europ = CSEur + Eur + Euro-Med + Eur-subMed; Eur-Sib = Eur-Sib + SSib + subMed-Sib; Eur-As = Eur-As + Med-CAs + subMed-As; Eur-OT = Eur-OT + Med-OT + Eur-Med-OT; Kosm = Kosm; Med = Med + OMed; subMed = subMed; Pont = Pont + Pont-Bal + Pont-Sib + Pont-CAs + Pont-Sib + SPont; PontsubMed = Pont-Med + Pont-subMed).
ous thermophytes from the northern continental centre (Steffanov 1943) with mostly Pontho-steppic origin: Agropyron cristatum, Paeonia tenuifolia, Amygdalus nana, Astragalus pubiflorus, Inula ensifolia, Anemone sylvestris. Stoyanoff (1941) uses this complex of species to prove the primary grassland character of plant communities. The author considers both the continental climate and the edaphic peculiarities of limestone bedrock as a reason for the absence of forests in some parts of the karst mountains. In addition to that, Yordanoff (1936) considers only edaphic conditions (the eroded, poor soils are too dry to support forests) as the main factor for the existence of primary grassland vegetation in some parts of these mountains because the climate in the region, even though having continental amplitudes, is characterized by sufficient annual rainfalls. The author gives as a proof of his thesis a research on Mt Vitosha (Georgieff 1929) that lists plant species from the vicinity of Krapetz village, i.e. the Bosnek karst region.
We assume that part of the calcareous grasslands in W Bulgaria has a relict origin and dates back to the time of maximum distribution of steppes on Bulgarian territory. That time coincides with the Boreal phase of the Holocene (Bozhilova 1986 , Palamarev 2002 . during the Holocene the preservation of grasslands in the mountains of W Bulgaria was aided by the specific edaphic and thermic conditions of the karst, which hindered the forest invasion (Yordanoff 1936 ). This does not exclude the presence of forests there, which grow in the present time on the northern and eastern slopes of the low karst mountains -Chepan, Mt Koyavska, Golo Bardo. The development of forests on Mt Vitosha has been established from some palynological investigations. For example, Filipovich (1988) found a great participation of Quercus, Coryllus, Betula spp., which extended up to 1900 m. a. s. l. on Mt Vitosha during the Atlantic period of the Holocene (6000 BP). Some authors consider some of these tree and shrub species as indicators for the presence of more open (mixture forest-grassland) landscapes (Poshlod & Baumann 2010) . The secondary expansion of grasslands on calcareous terrains has happened after the increase of human activities. This assumption has been made for the calcareous grasslands in Central Europe (see Poschlod & WallisdeVries 2002) . The open structure of the calcareous grasslands allowed the penetration of many thermophilous Mediterranean species during the favourable climate changes of the Holocene. To this group of Mediterranean species belong some dominant grasses such as Chrysopogon gryllus and Botriochloa ischaemum (see Jordanoff 1936) . At the same time, the long-term preservation of intrazonal grassland vegetation within the zonal thermophilous forests in the isolated low karst mountains in West Bulgaria has led to the origin of endemic forms. These species together with the newly penetrated Mediterranean species and the relict steppe taxa make up the diverse and rich floristic complex that defines the specificity of grassland vegetation in that part of the country.
CoNCLUSIoNS a) We established a new association designated as
Bromo moesiacae-Stipetum epilosae ass. nova, hoc. loco, with diagnostic species Stipa epilosa (V), Bromus moesiacus (IV), Tragopogon balcanicus (III), Asphodeline taurica (IV), Pimpinella tragium subsp. lithophila (V), Thymus striatus (V), Hypericum rumeliacum (V), b) Its phytocoenoses are distinguishable from the other associations in SW Bulgaria and SE Serbia by the presence of vicariant species, by the extent of Mediterranean and Pontocontinental phytogeographical influence and by the number of endemic taxa, c) We consider that this association is part of the relict petrophyte steppes with endemic centre in the low karst mountains of West Bulgaria and East Serbia, d) Bromo moesiacae-Stipetum epilosae ass. nova, hoc. loco confirms the presence of the alliance Saturejon montanae. A more precise profile of Saturejon montanae and its ecological and geographical characteristics could be gained through a future revision and gathering of additional information about the steppe plant communities in West Bulgaria and East Serbia.
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